Sevoflurane modulation of Ca2+ regulation in skeletal muscle sarcoplasmic reticulum vesicles from young and mature rabbits.
Developmental differences in splice variants of the two key sarcoplasmic reticulum (SR) calcium regulatory proteins, ryanodine (RyR1), and sarcoendoplasmic reticulum calcium pump (SERCA1) have been linked to various neuromuscular disorders, but not malignant hyperthermia (MH). However, it is unclear whether an age-related difference in volatile anesthetic-mediated SR calcium function exists that could add to our current understanding of the clinical presentation of MH syndrome and provide insight into molecular mechanisms for general anesthesia that may have other physiologic and/or pathophysiologic significance. Therefore, the effects of sevoflurane on intracellular calcium regulation in isolated SR membrane vesicles from the skeletal muscle of healthy young rabbits were compared to their adult counterpart using an established in vitro model with the assumption that exposure to sevoflurane would elicit a weaker response in the young SR. Through dual wavelength spectroscopy of Ca(2+): Arsenazo III difference absorbance, the effects of sevoflurane on SR Ca(2+) uptake rate and release in heavy and light fraction SR membrane vesicles isolated from the white muscle of anesthetized, postweaned (age = 6 weeks, n = 5) and adult (age = 6 months, n = 5) male New Zealand rabbits were examined. The adult group showed a 50% increase in Ca(2+) uptake rate from control at both subclinical and clinically relevant anesthetic concentrations, whereas in the SR from the younger animals, Ca(2+) uptake rate was not altered by any concentration of sevoflurane. The sensitivity of both the low and high affinity Ca(2+)-binding sites on RyR1 was increased by sevoflurane to the same extent in the SR vesicles from the young and mature adult rabbits. Interestingly, a greater potency of sevoflurane for the high affinity-binding site was identified, and this was independent of age. These findings suggest that the sensitivity of the SR to sevoflurane-mediated Ca(2+) uptake may be increased with maturity, while an analogous developmental effect on RyR1 is less probable. Nonetheless, this study shows for the first time that a potent inhalational agent such as sevoflurane can influence the high affinity SR calcium-binding site by lowering the extraluminal concentration of calcium necessary to trigger calcium release. While this may not be of consequence when inhaled anesthetics are administered to normal children or adults, it may have life-threatening consequences in carriers of RyR1 mutations.